IN THE UNITED STATES PATENT 
AND TRADEMARK OFFICE 

APPLICATION FOR 
UNITED STATES UTILITY PATENT 



TUBULAR MONITOR SYSTEMS AND METHODS 



Extra Set Drawings - 6 Sheets - For PTO Examiner 



CTES 016 



INVENTOR 
KENNETH R. NEWMAN 




-no 

108 




201 
202 



300 



303 



Fig. 3 



Prior Art 



-204 



-207 



-205 
-206 



401 



402 



400 



Fig 4 



411 




xxx.xxx 



XXX.XXX 



XXX,XXX 



XXX,XXX 



Fig. 5 a 
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Input Values 

• e* a - 3 axial strains at 90 0 intervals 

• e"h - 1 hoop strain from the same location as one of the axial strains 

• T - temperature of steel where strains are measured 
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Calculate change in temperature 
since gauges were calibrated 
AT = T - To 
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Remove the strain caused by the 

temperature change from the 
measured axial and hoop strains 

a = thermal expansion coefficient for 
pipe material 

8 » £ " a4T (D„-D,) 

D 0 = Outside Diameter of pipe 
Di = Inside Diameter of pipe 
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Using the Lame equation, calculate 
the internal pressure Pi, using strains 
from the point at which the hoop 
strain is measured 

2p(l+o 2 ) 

v = Poisson's ratio for the pipe 
material 

Df 
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Remove the strain caused by the 
internal pressure from axial strains 



2u) 
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Calculate average of the 2 opposite 
axial strains, e a a vg. Use this average 
axial strain to calculate axial force 

F a = E aavg Ef(D*-D?) 

E = modulus of elasticity for pipe 
material 
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Calculate two bending moments 
0=1,2) in orthogonal directions 
using maximum of two opposite 
strains 

_ ^ EI ( £ aj- £ a_av 9 ) 



M bj =- 



where inertia I = ^(D* - D*) 
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Calculate the maximum bending 
moment from the vector summation 
of the 2 orthogonal bending 
moments. 
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Calculate the direction 0 of 
maximum bending from the two 
orthogonal bending moments. 

6 = tan -1 — * 
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Pass calculated values to other 
applications and user interface. 



Fig 7 
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Modeling Input Values 

Characteristics of each element of the stack structure such as 
lengths, weights, moments of inertia, material strength, 
material poisons ratio 

Locations of each of these elements with respect to each other 
Location and magnitude of all applied forces from cables, 
chains, lifting structures, etc. 

Location of any fixed supports such as the bottom of the 
wellhead. 



Create Finite Element Model 



702 



Using finite element modeling techniques known in the 
industry, create the basic static model: 
KU = R 

Where K is the stiffness matrix, U is the displacement matrix 
and R is the matrix of the forces and moments. 



Obtain Real-Time Inputs 
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Internal Pressure 
Axial Force 

Maximum bending moment 
Bending direction 



Calculate displacements and stresses 



704 



• Calculate the forces and moments for the R matrix from the 
inputs 

• Iteratively solve for the U displacements 

• Use the U displacements to find the stresses in all elements 
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Output 

• Pass stresses to the user interface, then go to 703 for next set 
of calculations 




Fig. 8 a 
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